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BACKGROUND 


Significant  protective  immunity  to  Schistosoma  mansoni  develops  in  several  strains  (a) 
during  a  patent  chronic  infection,  and  (b)  following  immunization  with  highly  irradiated 
viable  cercariae.  Since  injection  of  highly  irradiated  cercariae  does  not  lead  to  a  patent 
schistosomal  infection  this  type  of  immunization  shows  potential  for  human  vaccine  use. 

Antigenic  polymorphism  within  a  single  isolate  of  Schistosoma  mansoni  appears  to  af¬ 
fect  the  resistance  of  mice  to  second  infection  with  various  clones  developed  from  the 
same  isolate  (Smith  and  Clegg,  Pa'vsitology  78:  311-321,  1979).  Such  antigenic  polymor¬ 
phism  has  important  implications  for  experimental  studies  of  immunity  to  schistosomiasis 
and  also  for  the  development  of  a  vaccine. 

Strains  of  S.  mansoni,  including  isolates  from  different  geographic  areas,  multiple  iso¬ 
lates  from  some  areas,  and  multiple  substrains  selected  from  individual  isolates  have  been 
differentiated  on  the  basis  of  infectivity  for  intermediate  host  snails.  Maintained  in  this  lab¬ 
oratory,  this  series  of  genetically  different  S.  mansoni  strains  provides  parasites  for  studies 
on  variations  in  immunologic  and  pathologic  aspects  of  different  S.  mansoni  strains,  and 
differences  in  cryopreservation  qualities  as  means  of  storing  them  for  vaccine  production. 

METHODOLOGY  AND  RESULTS 


B.  glabrata  snails  have  been  exposed,  both  as  juveniles  and  adults,  to  a  variety  of  strains 
of  S.  mansoni.  By  selection  on  the  basis  of  susceptibility  and  isolation  of  snails  as  juveniles 
with  reproduction  by  self-fertilization  only,  a  series  of  inbred  snail  lines  has  been  estab¬ 
lished  showing  different  patterns  of  susceptibility.  Exposures  of  snails  from  these  character¬ 
ized  lines  to  miracidia  of  S,  mansoni  serves  to  differentiate  genetic  infectivity  patterns  in 
different  parasite  strains. 

(1)  Intraspecific  genetic  variations  in  susceptibility  for  S.  mansoni  strains  were  com¬ 
pared  in  20  stocks  of  B.  glabrata,  including  7  stocks  from  Puerto  Rico.  Most  of  these  snail 
stocks  show  a  juvenilc-susceptible/adult-nonsusceptible  relation  to  some  strains  of  S.  man¬ 
soni.  Adult  susceptibility  to  S.  mansoni  strain  PR-1  is  determined  at  a  single  locus,  following 
simple  Mendelian  inheritance,  with  adult  nonsusceptibility  dominant.  Crosses  have  demon¬ 
strated  that  adult  susceptibility  to  S.  mansoni  strain  PR-2  is  determined  by  either  a  different 
gene  or  a  third  allele,  again  with  nonsusceptibility  dominant.  Crosses  in  progress  suggest 
that  adult  susceptibility  to  S.  mansoni  strain  PR-TM-9  is  determined  by  a  different  genetic 
factor  with  susceptibility  dominant.  The  seven  stocks  of  Puerto  Rican  B.  glabrata  show 
different  patterns  of  susceptibility,  including  one  stock  which  is  nonsuceptible  at  any  age, 
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or  juvenile  susceptible/adult  nonsusceptible  to  some  S.  mansoni  strains  isolated  from  chron¬ 
ic  cases  from  the  same  locality. 

(2)  Many  of  our  snail  stocks  have  been  made  available  to  Margaret  Mulvey  (Rutgers) 
who  is  performing  electrophoretic  studies  on  their  allozyme  patterns.  Many  of  the  snail 
stocks  have  also  been  sent  to  Dr.  Timothy  Yoshino  (Univ.  Oklahoma)  for  comparative 
studies  on  the  chemical  nature  of  the  hemocyte  surface  in  snails  differing  in  S.  mansoni 
susceptibility. 

(3)  Studies  on  intraspecific  genetic  variations  in  S.  mansoni  have  been  continued. 
Twenty-one  strains  are  being  maintained  and  compared,  including:  13  of  Puerto  Rican 
origin,  2  from  St.  Lucia,  one  Egyptian,  one  from  Kenya,  three  from  Zaire,  and  one  from 
Central  African  Republic.  Selection  for  different  substrains  from  the  Zaire  isolates  is  in 
progress. 

(4)  Three  reciprocal  worm  crosses  have  been  carried  out  and  another  is  in  progress.  Two 
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crosses  involved  S',  mansoni  PR-2  with  PR-T13  and  PR-TA-13.  Exposures  of  several  snail 
stocks  to  Fj,  F2,  and  backcross  miracidia  indicated  that  infectivity  for  some  snail  stocks  is 
dominant  and  for  others  recessive.  Apparently  several  genetic  infectivity  factors  are  involved 
in  the  snail  parasite  combinations  tested.  Crosses  between  PR-C-3  and  PR-T-3  were  of  par¬ 
ticular  interest.  These  substrains  were  derived  from  a  single  chronic  case  isolate.  Experi¬ 
ments  by  Dr.  Cheever  (LPD,  NIAID,  NIH)  have  demonstrated  differences  in  immunogeni¬ 
city  in  mice  between  PR-C-3  (low)  and  PR-T-3  (high).  Results  suggest  that  snail  infectivity 
and  mouse  immunogenicity  factors  may  be  linked.  Fj  and  backcross  worms  will  be  tested 
for  immunogenecity  and  selection  will  be  carried  out  based  on  snail  infectivity  to  determine 
if  the  immunogenicity  difference  is  genetic  and  if  the  factors  are  indeed  linked. 

(5)  Cercariae  of  several  different  strains  of  S.  mansoni  have  been  provided  to  Dr.  Chee¬ 
ver  for  immunogenicity  studies.  Most  strains  have  shown  a  high  degree  of  cross  reaction, 
but  PR-C-3  and  PR-T-3  were  significantly  different  in  immunogenetically  (see  above). 
Subslrains  selected  from  chronic  case  PR-9  showed  good  immunogenicity  in  unisexual 
infections. 

(6)  Cercariae  and  adults  of  genetically  different  S.  mansoni  strains  have  also  been 
provided  LPD,  NIAID,  NIH  (Simpson)  for  DNA  studies.  Initial  tests  demonstrated  signi¬ 
ficant  differences  in  the  DNA  of  some  of  the  Puerto  Rican  S.  mansoni  strains. 

DISCUSSION 


Ten  isolates  of  S.  mansoni  from  three  geographic  areas  have  so  far  yielded  21  parasite 
strains  by  selection  on  the  basis  of  infectivity  for  B.  glabrata  snails.  These  appear  to  include 
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abcut  17  different  snail  infectivity  patterns,  suggesting  several  genetic  factors  occurring  in 
various  combinations.  Klee trophorec tic  studies  (Fletcher  and  LoVerde)  on  13  of  the  strains 
demonstrated  allozyme  differences.  The  results  indicated  the  need  for  further  genetic  char¬ 
acterization  of  parasite  strains  used  in  biomedical  research,  and  comparative  studies  on  the 
influence  of  strain  differences  on  immunology,  pathology,  epidemiology,  etc.  Strains  from 
additional  geographic  areas  should  be  tested,  characterized,  and  compared. 

Collaborative  studies  at  Purdue  University  (Fletcher  and  LoVerde)  suggested  that  iso¬ 
zyme  variations  for  at  least  one  enzyme  system,  lactatedehydrogenase,  in  our  S.  mansoni 
strains  were  associated  with  variations  in  snail  infectivity.  Such  studies  should  be  continued. 
Collaborative  electrophoretic  studic.  at  Rutgers  (Mulvey)  are  being  carried  out  on  the  vari¬ 
ous  snail  stocks. 

Most  populations  of  B.  glabrata  studied  to  date  demonstrate  a  juvenile-susceptible/adult- 
nonsusceptible  relation  to  at  least  some  S.  mansoni  strains.  In  most  field  situations  juvenile 
snails  are  numerous  enough  to  support  transmission  if  susceptible.  Since  many  field  col¬ 
lections  include  only  adults,  this  could  lead  to  a  misconception  as  to  the  transmission  po¬ 
tential  of  the  populations.  Further  studies  on  the  relation  of  snail  age  to  susceptibility 
should  be  carried  out. 

Strain  differences  in  immunogenicity  and  development  of  good  immunogenieity  in  uni¬ 
sexual  infections  (Checver)  need  further  study,  including  testing  descendonts  of  worm 
crosses  to  the  clarify  the  genetics  involved. 

SIGNIFICANT  ACCOMPLISHMENTS 

1)  A  wide  range  of  intraspecific  genetic  variations  has  been  demonstrated  in  both  S.  man¬ 
soni  and  B.  glabrata:  21  strains  of  S.  mansoni  showing  about  17  different  patterns  of 
snail  infectivity,  and  20  stocks  of  B.  glabrata  showing  about  16  different  patterns  of 
parasite  susceptibility  are  under  study. 

2)  Snail  crosses  have  demonstrated  several  genetic  factors  (or  alleles)  determining  adult 
susceptibility.  In  two  of  these  nonsusceptibility  is  dominant,  while  in  a  third  suscepti¬ 
bility  appears  to  be  dominant. 

3)  Seven  Puerto  Rican  stocks  of  B.  glabrata  arc  being  compared,  and  all  seem  to  differ 
in  susceptibility  patterns;  ranging  from  one  stock  susceptible  to  most  S.  mansoni  strains 
at  any  age,  to  one  that  is  nonsuceptible  to  some  Puerto  Rican  S.  mansoni  strains  at  any 
age,  juvenile  susccptible/adult  nonsusceptiblc  to  some,  and  susceptible  to  some.  Vari¬ 
able  adult  susceptibility  to  some  Puerto  Rican  S.  mansoni  strains  occurs  in  some  of  the 
Puerto  Rican  B.  glabrata  stocks. 


4)  S.  mansoni  crosses  have  demonstrated  several  different  snail  infeetivily  factors,  in  some 
of  which  infeetivily  is  dominant,  in  others  lack  of  infectivity. 

5)  Mouse  immunogenicity  studies  by  Cheever  (LFD,  NIAID,  N1H)  have  demonstrated  a 
significant  difference  between  two  S.  mansoni  substrains  from  the  same  chronic  case 
isolate  (PR-C-3,  low:  PR-T-3,  high).  Substrains  of  another  chronic  case  isolate,  PR-9, 
showed  good  immunogenicity  in  unisexual  infections. 

6)  Studies  by  Simpson  (LPD,  NIAID,  NIH)  showed  differences  in  the  DNA  of  Puerto 
Rican  S.  mansoni  strains  differing  in  snail  infectivity. 
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